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@ Method and apparatus for testing ready-mixed concrete.

@ Concrete with a known cement mixing ratio is sampled
and the aggregate is screened out. A fixed quantity of the
resulting mortar is weighed, stirred with waterand allowed to
stand. The mortar sample is then immersed in water and
again weighed. A linear relationship between the water-to-
cement ratio of the concrete and the ratio of the weight of the
mortar under water to that out of water then allows the water-
to-cement ratio w/c to be read off from a graph. This then
serves as a measure of the quality of the hardened concrete.

An apparatus for carrying out the method automatically is
also described.
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METHOD AND APPARATUS FOR TESTING READY-~MIXED CONCRETE
Background of the Invention

The present invention relates to a mgthod and an
apparatus for quality investigation of ready-mixed concrete,
and more particularly to a method and an apparatus for
predicting the guality of hardened concrete by measuring
the weight ratio of water to cement in just-prepared
concrete mixture.

Procedure for an accepting test made on ready-mixed
concrete at a construction field has usually consisted
of making a slump test and sampling the received ready-
mixed concrete for the purpose of investigating the com-
pressive strength after the concrete has become hardened.
However, the slump test does not always give a satisfactory
result in predicting hardened concrete, while the compressive
strength test can not be carried out until the sampled.
concrete mixture becomes hardened after a predetérmined
period of time has passed. Therefore, the conventional
acceptance test of :eady-mixed concrete can not pre-
wguarantee,the-qualiéy of concrete before the concrete
mikture deposited atia construction field becémes hardened.
Encouraged by an uésurge of guality assurance movement

there have been proposed many trial methods for predicting
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the quality of hardened concrete froﬁ the data of un-
hardened concrete. However, they have a problem in the
correlation to compressive strength, in rapidity and
easiness of test procedure, or in economical efficiency,
and hence none of them has come to be practiced or used

widely.
Objects and Summary of the Invention

Accordingly, the present invention is directed to
avoiding the disadvantages involved in the prior art
methods of concrete quality investigation, and aims at
providing a method and an apparatus capable of judging
the gquality of concrete easily and precisely at the stage
of being just mixed.

Another object of the present invention is to con-

stitute such an apparatus so as to be used for an acceptance

test of ready-mixed concrete received at a construction
field to judge whether it has been properly compounded
or not, but also for quality control of concrete mixture
at a concrete mixing plant, means that cement is saved
considerably. Experiments have shown that the saving
of cement reaches 15 & 30 Kg for one cubic meter 6f

concrete mixture.

Further, the present invention, which has no problems
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in the testing process and economicai efficiency, can be
used widely, and 1afge1y contributes to stabilizing the
quality of concrete products.

The method and the apparatus according to the present
invention have their bases on the fact that the water-to-
cement ratio in ready-mixed concrete has a strong correlation
with the compressive strength of hardened concrete.

According to the present invention a water-to-cement
ratio in ready-mixed concrete, which ratio has a close
correlation to the compressive strength of hardened concrete,
can eaSily be<measured, and accordinély, it can quickly
be judged whether ready-mixéd concrete has been propetly
compounded or not. Therefore, with the present invention
applied to an acceptance test of ready-mixed concrete at
a construction field, it is made possible to réadjust the
composition of received ready-mixed concrete, even if
improperly compounded, to pre—guarantee the Quality of
hardened concrete at the stage of depositting the concrete
mixture at a construction field. On the other hand the
application of the present invention to a preparation
process of concrete mixture makes it possible to lessen
the scattering of the strength of hardened concrete and
to stabilize the quality of concrete. As thé result,
in determining a mixing degree of cement in consideration

of the scattering of the strength of concrete, extra
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mixing coefficient can be made small, this for the
achievement of the objects and effects mentioned above,
the method according to the present invention comprises
sampling a given quantity of concrete mixture from ready-
mixed concrete, removing the gravel component from the
sampled mixture to extract the mortar component, weighing
out a predetermined quantity of the mortar measuring the
underwater weight of the weighed-out mortar, and deriving
the water—-to-cement ratio of the ready-mixed concrete
from the weight and the underwater weight of the weighed-
out mortar, while the method according to the present
invention comprises an electronic balance with a weighing
tray hanging down therefrom, a water bath capable of
surrounding the weighing tréy, stirring means for stirring
a mortar sample placed in a sample vessel with water
poured therein, means for displacing the sample vessel
between the weighing tray and the stirring means, control
means for controlling the electronic balance so as to
weigh the weight of the mortar in the sample vessel and
the underwater weight of the same,vand a coﬁpﬁfer éér |
computing the water-to-cement ratio of the mortar according
to a predetermined formula with the use of the weight and
underwater weight measured by the electronic balaﬁce

about the mortar.
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Principle of the Invention

The present invention is based on the following
principle and experimental facts.

1) The 28-day strength Fog of concrete is related
to the cement-to-water weight ratio C/Wi(the inverse of
the cement-to-water ratio) in prepared concrete mixture

in the form of

C

_ _ 2
F28 = 24OTT 144 (Kg/cm ) e - - = = (1)

where C and W are the weight of cement and that of water,
respectively. The constants 240 and 144 are determined
experimentally on the basis of the mixing ratio of concrete.
2) In the process of preparing concrete mixture
the weighing of cement is free from the error due to the
water content contained inthe object to be weighed.
Therefore, an error in the cement weight measurement is
equivalent to that of a weight measuring instrument, and
remains within the allowable value defined in JIS AS5308.
3) Of thehconstituents of ready-mixed concrete,
water content is largely influenced by the water contained
in the sand and gravel. On the other hand a slump
adjustmént is'ﬁade mainly by adjusting the'quantity of
water. Therefore, the weight ratio among the constituents

are often outside the maximum allowable limit defined
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in JIS A5308. Hence the water-to—cément ratio in usual
ready-mixed concrete is influenced by the guantity of
water because the cement component is kept guite exact
as is mentioned above.

4) 0Of four components, cement, sand, gravel and
water constituting ready-mixed concrete, the gravel can
easily be removed from the rest by being sifted out.
Therefore, the mortar component consisting of cement,
sand and water is suitable to be used as the object of
examination.

As the result, the water—to-ééter ratio in ready-
mixed concrete can easily be determined by measuring the
weight and underwater weight of the mortar separated from
sampled ready-mixed concrete, the principle of determining
the cement-to-water ratio is described in the following.

The weight M of the mortar separated from a ready-

mixed sample is expressed by
M=C+S+W e - = « « {2)

where C, S and W are the respective weights of the cement,
the sand and the water constituting the mortar. On the
other hand the underwater weight M' of the mortar is

given by

W
W p p p SEEE RN S
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where Pyt Po and p, are the specific gravities of water,
cement and water, respectively.

From Egs. (2) and (3)

1 _1y,a0-31 - n - L
A I Al IO

W=M+ C(
By introducing two constants

1 1 S DU )
= (= -~ —=)/(1 - —) and
1 Pg Pe Pg

k

= - L
k, =1/(1 5 )
s
Eq. (4) is expressed as
— - 1
W - M + klc kzM - - - - - (5)
Dividing the both sides of Eg. (5) by C gives

W/C = M/C + kl - kzM'/C .

If the weight ratio P of the cement is known,
C = M-P

so that Eg. (5) is rewritten as

w/c = (1 - kzM'/M)/P + kl « -« - . . (6)

The water-to—-cement weight ratio is thus given by Eq. (6).

Brief Description of the Drawings
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Fig. 1 shows the procedure in ;n emdodiment of the
method based on the present invention;

Fig. 2 shows the constitution of an embodiment of
the apparatus based on the present invention;

Fig. 3 is a flow-chart showing the function of the

apparatus in Fig. 2; and

Fig. 4 is the time-chart showing the function of

the apparatus in Fig. 2.

Detailed Description of the Invention

The method based on the present invention is de-~
scribed below.

The first step in this method is to sample a
certain quantity of the ready-mixed concrete to be
examined. The sampled ready-mixed concrete is then
subjected to sifting with a sifter of 5 mm-mesh to
separate the mortar component therefrom with the gravel
component removed.

A predetermined weight M, for instance, 400 gr of
mortar is weighed out from the above separated mortar.
The weighed-out mortar, with a suitable quantity of water
added thereto, is stirred to expel the air contained
therein, and kept standing still, for instance, for some:

tens of seconds until the mortar is deposited to some
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extent on the bottom of the vessel. 'Then the underwater
weight M' of the mortar is weighed with the vessel immersed
in water. On the other hand a graph or a table showiﬁg
the correlation between the water-to-cement ratio W/C and
the.underwatér weigh; M' is prépﬁred in aavance by putting
the aerial mortar weight M (= 400 gr) into Eq. (6). The
water-to—cement ratio of the sample ready—mixgd concrete
can be'bﬁtainea from‘the previously éreéaréd g;aéh:or |
‘table by applying a measured value of M' thereto, The
above-described embodiment of the method can‘bevmodified
so as to enable the water-to-cement ratio to be obtained
without preparation of the W/C-M' correlation graph or
table. The water-to-cement ratio W/C has a linear correla-
tion to the underwater weight M' if the weight M in the
air is constant. Therefore, in case M is kept constant,
W/C can be directly»read out from the balance for weighing
the underwater weight, if the division on the balance is
previously calibrated against W/C according,to Egq. (6).
With the abqvevembOQiments employed,.itmtages op;y 6
minutes or less from sampling ready-mixed concrete to
reading out its W/C.

In the following an embodiment of the apparatus
based on the present invention is déscribed with reference
to Fig. 2 which shows the constitution of the emquiment.

Referring to Fig. 2, an electronic balance 1, having its
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weighing tray 2 hanged down, is fixed on a base 3. ‘'The
weighing tray 2 is positioned in a water tank 4 provided
with a water suppiy port 4a and a draining port 4b. The
water supply port 4a is connected to a water supply pump
6 through a valve 5, while the draining port is led to
the atmosphere through a dfain valvé 7. A sample vessel
8 for containing mortar is held by a holder 9, which‘is
ehgaged with a threaded bar 11 so as to be moved up and
down along two guides 12a and 12b when the threaded bar
11 is rotated by a motor 10. Above the weighing tray
2 there is provided a stirrer 15 which rotates being
interlocked with the threaded barrll through a pulleys
13a, 13b and a belt 14. The sample vessel 8 is displaced
vertically by the movement of the holder 9. With the
holder 9 moved up to the uppermost position the stirrer
15 can stir the content of the vessel 8. With the holder
9 moved down to the lowest position the vessel B is placed
on the weighing tray 2, being made free from the holder
9. The uppermost position and lowest position are detected
by a stirfing position sensor 16 and a measuring position
sensor 17. Midway between these two sensors 16 and 17
there is provided a starting position sensor 18 for
detecting the starting position of the holder 9. With
the holder 9 kept at-the starting pbsition, water can be

podred into the sample vessel 8 from a nozzel 19 attached
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to the holder 9. The nozzle 19 is connected to the
water supply pump 6 through a flexible tube 20, a water
pouring valve 21 and a control valve 22. The motor 10
and the pump 6 are driven by a sequence cdntroller 26
respectively through a motor drive cincuit 23_and.through
a pump drive circuit 24. On the other hand the water
supply valve 5, the drain valve 7 and the water pouring
valve 21 are also driven by the sequence controller 26
through a valve control circuit 25. . The sequence
controller 26 further outputs a taring instruction signal
and a weighing instruction,signal to the electronic
balance l. A weight value outputted from the electronic
balance 1 is inputted to a.computer 27. With position
signals from the stirring position sensor 16, the measuring
position sensor 17 and the starting position sensor 18
being inputted to the computer 27, it. controls the
apparatus according to the timing described later. The
sequence controller 26 is further connected with akstart
switch 28 for instructing to start measuring;and av1amp
for indicating that the apparatus is being operated.
Using the data inputted from the electronic balance 1,
the computer 27 computeé W/C according to a function
previously memoried therein. o

In the following the operation of the apparatus is

-described in detail with Figs. 3-and 4 referred to
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additionally. Fig. 3 is & fow-chart showing the
operation of the apparatus shown in Fig. 2, while Fig. &4
shows time-charts explaining the function of the sequence~
controller 26 in the apparatus. .
In the first place measuring cfmditions such as
the mixing rate of cement and the specific gravities of
-aggregates are inputted to the computer 27. On the
other hand a certain quantity of concrete mixture is
sampled from ready-mixed concrete to be examined, and
then sifted with a sifter of 5-mm mesh to separate mortar
from the concrete mixture, An adequate weight, for
instance, 400 gr of the mortar is weighed out into a
sample vessel. After the sample vessel has been set at
the holder 9, the sequence controller 26 is put into
action with the start switch 28 turned on. The sequence
controller 26 starts controlling the related elements in
the apparatus in such & manner as shown with the time-
charts shown in Fig. 4. With the start switch 28 turz:;ed
"on, 8 taring instruction signal is sent to the electronic
balancel to make it perform a taring operation. At
the same time the motor 10 begins rotating in the direction
to move the holder 9 downward.. The rotation continués
until the holder 9 stops at the measuring position which

is detected by the measuring position sensor 17. After

the sample vessel 8 has been placed on the weighing tray
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2 with the holder 9 detached from the holder 9, the
electronic balancel measures the aerial weight M of the
mortar in the vessel 8, and transmit the value to the
cémputer 27.  After the weight measurement the motor 10
.again starts rotation in the direction to move the holder9
upward. At the same time the water supply valve 5 and

the water pouring valve 21 are opened and the motor 10
starts rotation to supply water both the water tank 4 and
the sample vessel 8. The water supply to the sample vesselva
is continued over the upward movement of the holder 9

until a predetermined quantity of water is poured into the
vessel 8. As soon as the holder 9 reaches the stirring
position, the rotating direction of the motor 10 is inversed
to lower the holder § again until it goes down to the starting
position. This cycle of upward-and-downward movement of
the holder 9 is repeated two or three times at a time
interval of about three seconds. In this cyclic movement,
while the holder 9 is at or near the stirring position,v

the stirrer 15 stirs the water-added mortar in the sample
vessel 8 to expel the air contained in the mortar. After
the stirring operation has been finished, the holder 9 is
kept remaining still at the starting position for 10 to 20
minutes for making the mortar deposit at the bottom of the
vessel 8 to some extent. While the holder 9 is kept

remaining at the starting position, the motor 10 stops and
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the valves 5 and 21 are closed. At the next step the
holder 9 is loweéed to the measuring position to plaée
the sample vessel 8 on the weighing tray 2 to make the
electronic balance 1 measure the underwater weight M'
of the mortar. The measured value of M' being trans-
mitted from the electronic balance 1 to the computer 27,
which computes the water-to-cement weight ratio W/C
from the previously stored aserial weight M and the
underwater weight M' according to Eq. (6) previously
memoried in the computer 27. After the measurement

of W/C, the holder 9 returns to the starting position
and waits for the next operation of measurement.
According to the apparatus based on the present invention,
it takes only about 2 minutes and 30 seconds from
turning on the start switch 28 to obtaining the water-
to-ratio W/C.

Further the method or the apparatus according to
the pfesent invention can be applied to the procedure
for an emergency correction of concrete composition at
a construction field, because the quality of a concrete
mixture can be examimed very rapidly according to the
present invention. The conventional method of correction
of concrete composition is to bring a tested slump
magnitude and a measured air quantity close to expected

values. However, such a method can not achieve &
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proper correction of the concrete quality. Although

a slump adjustment itself can be executed by adjusting
the quantity of water, the magqitude of slump is
influenced not only by the quantity of water but also

by the particle size of aggregates, mixing temperature,
actual volume ratio and the quantit& of air. Therefore,
if the slump magnitude is adjusted only by adjusting

the quantity of water, a change in the water-to-cement
ratio may affect the compressive strength of hardened
concrete.

By applying the method and the apparatus bésed‘on-
the present invention to the procedure for an emergency
correction of concrete coposition together with a slump
test and an air quantity measurement, the. water-to-cement
ratio W/C in ready-mixed concrete can quickly be measured
so that it can be made possible to keep not only the
quantities of slump and air but also the water-to-cement
ratio within stipulated values without deteriorating
the compressive strength of hardened concrete. As is
mentioned previously, the quantity of cement per m3 of
concrete is nearly equal to a stipulated value in usual
ready-mixed concrete. It is, therefore, possible to
adjust the magnitude of slump, the quantity of air and
the water-to-cement ratio simultaneously by correcting

the coposition of ready-mixed concrete according to the
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table given below. The table is prepared on the basis
of the theory of conrete mixing, the RC instructions
of the Society of Civil Engineering and other various

experimental results.

Deviation from
the stipulated

value

Correction of
fine aggregate

(%)

Correction of
water quantity

(kg) per m? of

concrete

For every one
unit (1 cm) in-
¢rease (decrease)

of slump

No correction

To increase
(decresse) by
1.2 %

For every one
unit (1%) in-
| crease(decrease)

of air

To increase

(decrease) by

0.7 %

To increase
(decrease) by
3 %

. For every one
gunit (0.05) in-

crease of W/C

R

To decrease
(increase) by

1.0 %

cr vl . —

No correction

The correction of aggregate ratio and the correction

3

of water quantity per m” of concrete shown in the above
table, and the correction of cement quantity per m3 of

concrete due to these corrections are expressed by the
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following formulae:

A W=-{ (SL-SL -(A—Ao)p] CW/C eeeevcencnnen eeo(?)
¢AS/a=(A-Ao)7';(w/c-wo/c)s S €))

AC:‘. CW/C+ VW
wo/c

In the above formulae,
AVW: Correction of water quantity‘pér m3 of concrete
(kg/m°)
AS/a: Correction of aggregate ratio (%)
AC: Correction of cement quantity per m3 of concrete
(kg/n)
- SL: Measured value of slump (cm)
.A: Measured quantity of air (%)
A : Stipulated slump (cm)
~W/C: Measured water-to- cement ratio (%)

3 of concrete (kg/ma)

.C: Cement quantity per m
WO/C: Stipulated water-to-cement ratio (%)
_ 0(,{3,)’,5: Constants. At present 0.012. 0.03, 0.7, 20 are
- " the best-fit on the basis of the table. Changable

according to experimental results.

By applying to Egs. (7), (8) and (9) a slump
magnitude, an air quantity A and a water-to-cement
ratio W/C measured on the ready-mixed concrete received

at a construction field, proper correction values can
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quickly be obtained to readjust the composition of the
ready-mixed concrete befofore it is depositted. Further
the present invention can be applied to the process of
ready-mixed concrete production to stabilize the quality
of concrete. It is also possible to make a microcomputer
compute and output the above correction value, with Egs.

(7), (8) and (9) previously memoried in the microcomputer.
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CLAIMS:

1. A method for testing the Quality of ready-mixed

concrete, comprising: ‘

separating mortar by removing gravel from
ready-mixed concrete whose cement mixing ratio is known;

sampling an adequate quantity of said separated
mortar and weighing said sampled mortar;

weighing the underwater weight of said mortar
sample; and

deriving the water-to-cement ratio in said ready-
mixed concrete as a function of the weight and the under-
water weight of said mortar sample.

2. A method for testing the quality of ready-mixed
concrete, defined in claim 1, wherein a stipulated quantity
of said mortar is weighed out, and said water-to-cement
ratio is read out from a table showing the correlation
between said weight and said underwater weight of said
mortar sample, said table being previously prepared.

3. A method for testing the quality -of ready-mixed
concrete, defined in claim 1, said function is given
by the following formula:

w/Cc = (Q -'kzﬁ'/M)/Pﬁ—kl .
where W/C is the water-to-cement ratio of said ready
mixed concrete, M is the weight mortar sample, M' is

- the underwater wéight of said mortar sample, P is
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the mixing ratio of the cement in said ready mixed
concrete, k, being the specific gravity of sand, and
k., being the specific gravity of cement.

4. A method for testing the quality of ready-mixed
concrete, defined in claim 1, wherein the air contained
in said mortar sample is expelled by stirring said mortar
sample with water added there to in advance to weighing
the underwater weight of said mortar. sample.

5. An apparatus for testing the quality of ready-
mixed conCreté, comprising:

an electronic balance having a weighing tray
hanged down therefrom;

a water bath for immersing said weighing tray
in water;_

stirring means for stirring the content of a
sample vessel with water poured therein;

driving means for displacing sald sampe vessel
between said weighing tray and the position of said stirring
means;

control means for controlling the above elements
so that said electronic balance may weigh the weight
and the underwater weight of mortar placed in said sample
vessel; and

computing means for computing the water-to-cement

ratio in said mortar according to a predetermined function
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of the weight and the underwater weight of mortar.
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FIG. 4
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